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Abs t rac t  

Hydrocracking o f  coal-based o i l s  needs h i g h e r  hydrogen pressure when 

compared t o  petroleum o i l s  and both types o f  o i l s  a f f e c t  a lmost  s f m i l a r  

naphtha y i e l d s  o f  77 t o  80% a t  a pressure o f  2000 p.s. i .  and 500'C. 

based o i l s  produce naphtha o f  super io r  q u a l i t y  bu t  w i t h  h i g h e r  hydrogen con- 

sumption. A t  about 80% y i e l d ,  naphtha f rom coa l  o i l  had a c l e a r  research 

octane number o f  88 w i t h  a hydrogen consumption o f  about 1550 cu. ft. per  

b a r r e l  o f  feed, whereas the  product  f rom gas o i l  has an octane number of 78 

w l t h  a hydrogen consumption o f  o n l y  about 1125 cu. ft. Both types o f  o i l s  

e x h l b l t e d  s i m i l a r  k l n e t i c  behavior  w i t h  a c t i v a t i o n  energ ies ranging from 

14,000 t o  16,000 c a l  ./mole. The hydrocrack ing o f  coal-based and petroleum 

011s must be preceded by the  h y d r o r e f i n i n g  o f  the  feed s tocks t o  ensure low 

coke y i e l d  and longer  c a t a l y s t  l i f e .  The disadvantages associated w i t h  the  

processing o f  coal-based o i l s  can be o f f s e t  by the  s u p e r i o r  q u a l i t y  o f  t h e i r  

products, thereby a f f e c t t n g  the  o v e r a l l  p r m e s s i n g  almost s i m i l a r  t o  pe t ro -  

Coal- 

* 

. lcun o i l s .  

I n t r o d u c t i o n  

Hydrocracking i s  employed i n  the petroleum i n d u s t r y ,  i n  recent  years, 

f o r  the  processing of d i f f e r e n t  types o f  feed stocks (Cra ig  and Fors te r ,  

1966; Du i r ,  1967). 

i n g  o f  coa l -der ived  l i q u i d s  (A lpe r t ,  e t  a l . ,  1966, Katsobashv i l i  

I t  was a l s o  app l ied  as a p o t e n t i a l  method f o r  the  r e f i n -  

and E l b e r t ,  
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1966). 

petroleum o i l s  s ince  t h e  foriner con ta in  l a r g e r  o u a n t i t i e s  o f  oxygenated com- 

pounds and aromatic hydrocarbons. 

crude petroleum, t h e  pet ro leum r e f i n e r i e s  may have t o  augment t h e i r  feed 

s tocks w i t h  s y n t h e t i c  o i l s  and process them i n  t h e  e x i s t i n g  equipment. 

a d d i t i o n a l  o i l  requi rements may be met i n  t h e  near f u t u r e  from coal l i q u i -  

f a c t i o n  processes and, hence, i t  i s  necessary and use fu l  t o  understand the  

fundamental d i f f e r e n c e s  t h a t  may e x i s t  between the r e f i n i n g  o f  petroleum and 

coal-based o i l s .  

be va luable t o  s tudy and compare the  behavior  o f  petroleum and coal-based 

o i l s  under hydrocrack ing cond i t i ons .  The fundamental aspects o f  hydrocracking 

o f  petroleum and coal-based o i l s  are  n o t  w e l l  understood a t  t he  present  t ime 

though some work was e a r l i e r  repo r ted  ma in l y  on t h e  s tudy o f  product d i s t r i -  

bu t i ons  o r  c a t a l y s t  performance (Carpenter, e t  a l .  , 1963; Archibald, e t  a l . ,  

1960). 

o f  some pure hydrocarbons (Arch iba ld,  e t  a l . ,  1960; F l i n n ,  e t  a l . ,  1960). 

t he  present communication, t h e  r e s u l t s  o f  hydrocrack ing o f  t h ree  petroleum 

f r a c t i o n s  and two coal-based o i l  f r a c t i o n s  a r e  repor ted.  A comparison was 

made between t h e  pet ro leum and coal-based o i l s  w i t h  respect  t o  t h e i r  behavior 

under hydrocrack ing c o n d i t i o n s .  

Experimental 

Mater i  a1 s . 

The hydrocrack ing o f  coal-based o i l s  d i f f e r s  t o  some ex ten t  from 

I n  view o f  the a n t i c i p a t e d  shortage o f  

The 

Hydrocrack ing i s  a v e r s a t i l e  process ing method and i t  may 

Some data, however, were repo r ted  on the mechanism o f  hydrocracking 

I n  

The petroleum f r a c t i o n s  were obta ined from a mixed base crude o i l  by 

atmospheric d i s t i l l a t i o n .  The coal o i l  was obta ined from a h igh  v o l a t i l e  

bituminous coal  by hydrogenat ion i n  an en t ra ined  bed r e a c t o r  u n i t  a t  2000 

p . s . i .  pressure and 510°C w i t h  stannous c h l o r i d e  as the c a t a l y s t .  Low 
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temperature t a r  was prepared f rom the same coal  i n  a 

The coal  o i l  and t a r  f r a c t i o n s  were obta ined by d i s t i  

oi l s ,  r e s p e c t i v e l y .  The h y d r o r e f i n i n g  c a t a l y s t  conta 

1 

I 

> 

/ 

'1 
'\ 

I 

1 

i 

\ 

I 
\ 

t 

l 
1 

aboratory  oven a t  58OOC. 

l a t i o n  o f  t h e  whole 

ned 3% c o b a l t  ox ide and 

12% molybdenum t r i o x i d e  suoported on alumina i n  the  form o f  p e l l e t s  of 0.083- 

i nch  diameter and 0.125-inch h e i q h t  w i t h  a su r face  area o f  210 sq. meters per  

gram. 

d i s u l f i d e  supported on s i l i c a - a l u m i n a  i n  the form o f  p e l l e t s  o f  0.083-inch 

diameter and 0.125-inch h e i g h t  w i t h  a sur face area o f  198 sq.  meters per  

gram. 

Equipment. 

The hydrocracking c a t a l y s t  contained 6% n i c k e l  s u l f i d e  and 19% tungsten 

The hydrocrack ing u n i t  (F igu re  1 )  contained a v e r t i c a l  t u b u l a r  s t a i n l e s s  

s t e e l  r e a c t o r  o f  0.75-inch i n s i d e  diameter and 40-inch l eng th  w i t h  p r e c i s i o n  

equipment f o r  c o n t r o l l i n g  temperature, pressure, and gas and l i q u i d  f l o w  

r a t e s .  The r e a c t o r  was heated u n i f o r m l y  by a t u b u l a r  ceramic furnace o f  

1.5-inch i n s i d e  diameter and 38-inch l eng th .  

t he  r e a c t o r  from t h e  t o p  was packed w i t h  ceramic beads o f  0.17-inch diameter, 

t h e  nex t  6 5 inches w i t h  the c a t a l y s t  (60 cat), and t h e  f o l l o w i n g  12 inches 

again w i t h  ceramic beads. 

constant  and the  r e a c t i o n  temperature was measured by a thermocouple placed 

a t  t h e  cen te r  o f  t h e  c a t a l y s t  bed. 

gen tanks. 

r e f i n i n g  c a t a l y s t .  

Hydrocracking procedure. 

The f i r s t  20-inch l e n g t h  o f  

The temperature o f  t h e  c a t a l y s t  bed was mainta ined 

The hydrogen supply was taken f rom hydro- 

The h y d r o r e f i n i n g  was a l s o  done i n  t h e  same u n i t  b u t  w i t h  t h e  

The whole system was f i r s t  f l ushed  w i t h  hydrogen t o  remove a i r ,  pressur-  

ized, and heated t o  the  r e a c t o r  temperature 

t o  the experimental pressure and the  o i l  was fed  a t  t he  d e s i r e d  r a t e .  

The pressure was then ad jus ted  

The 
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i n i t i a l  one hour  was taken as a n  offstream pertod fo r  bringlng the reactor 

and the product recovery system t o  equilibrium. 

r a t i o  was maintained a t  about 500 

the  range of ~ 1 0 %  and were rounded o f f .  

ser and the l iqu id  product was collected in the separator The gaseous prod- 

uc t  containing some uncondensed o i l  was passed through an active carbon tower 

t o  adsorb the o i l  and a gas meter t o  measure the r a t e  and to ta l  volume passed. 

Several gas samples were withdrawn d u r i n g  each experiment fo r  analysis. 

difference in the  weight of ac t ive  carbon before and a f t e r  the experiment was 

taken as the amount o f  uncondensed naphtha. 

varied between 95 and 100% w i t h  an i n i t i a l  boiling point between 50" and 65°C. 

The y ie ld  of gas and each hydrocarbon component of the gas were calculated from 

the  to ta l  gas and its composition. 

f rac t ion  boiling u p  t o  200°C was designated a s  naphtha. 

u p  t o  100°C was designated as l i g h t  naphtha and the  fraction boiling from 

100" to  200°C a s  heavy naphtha. 

manner a t  1500 p.s i 

reported a re  double-pass products and the product d i s t r ibu t ion  data were 

obtained a t  a space velocity of about 0.5. 

fresh ca ta lys t  and a l s o  intermittently during the experimental work t o  t e s t  the 

a c t i v i t y  of the ca t a lys t  

f resh  ca ta lys t  when t h e  ac t iv i ty  w i t h  respect t o  cumene cracking f e l l  by about 

5 percentage points. 

Coke determination, 

The hydrogen t o  o i l  feed 

The values of space ve loc i t ies  varied i n  

The product was cooled i n  the conden- 

The 

The y ie ld  of the l iquid product 

The l i q u i d  product was d i s t i l l e d  and the 

The f rac t ion  boiling 

The hydrorefining was a l so  done in a similar 

pressure, 425"C, and 1-space velocity. All the products 

Cumene was hydrocracked over the 

The ca ta lys t  was e i the r  regenerated o r  replaced by 

The used ca t a lys t  was taken out from the reactor and dried a t  110°C for  

two hours t o  remove moisture and vo la t i l e  hydrocarbons Twenty-five grams Of 
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t h e  d r i e d  c a t a l y s t  was packed i n  a g lass tube o f  0 5- inch i n t e r n a l  diameter and 

12- inch l e n g t h  heated t o  600°C by a t u b u l a r  furnace. 

through the  tube a t  t he  r a t e  o f  about 15 c.c per minute and t h e  e f f l u e n t  was 

passed through a furnace con ta in ing  c u p r i c  oxide a t  700°C t o  o x i d i z e  carbon 

monoxide t o  carbon d iox ide ,  a tower con ta in ing  D r i e r i t e  t o  adsorb any mois ture 

and a tower o f  A s c a r i t e  t o  adsorb carbon d iox ide ,  

was c a l c u l a t e d  from t h e  weight  o f  carbon d i o x i d e  and repo r ted  as coke. 

c a t a l y s t  depos i t  was n o t  s t r i c t l y  carbon b u t  coke c o n t a i n i n g  bo th  carbon and 

hydrogen. 

coke, t h e  l a t t e r  amounting t o  about 95% o f  the former, ' the remaining being 

hydrogen. 

Product ana lys i s .  

A stream o f  a i r  was passed 

The carbon on the  c a t a l y s t  

The 

The coke values repo r ted  a c t u a l l y  r e f e r  t o  the  carbon content  o f  t h e  

A l l t h e  anlyses o f  t he  l i q u i d  products were done by ASTM and o t h e r  standard 

methods and gaseous products  by gas chromatographic and mass spec t romet r i c  

methods (Qader and H i l l ,  1969). 

Resul ts  and Discuss ion 

The y i e l d  o f  naphtha from petroleum f r a c t i o n s  increased l i n e a r l y  w i t h  t h e  

r e a c t i o n  temperature. The stove, d i e s e l ,  and gas o i l s  y i e l d e d  a maximum of 

79, 78, and 77% naphtha a t  1500 p.s . i .  pressure and 79, 80, and 79% a t  2000 

p .s . i .  pressure and 500°C, respec t i ve l y .  Increas ing the  r e a c t i o n  pressure 

f rom 1500 t o  2000 p s . i  

e x t e n t  (F igure 2 ) .  

was increased s i g n i f i c a n t l y  w i t h  an increase i n  the  hydrogen pressure. The 

coa l  o i l  and low temperature t a r  y i e l d e d  a maximum o f  63 and 60% naphtha a t  

1500 p . s . i .  pressure and 79 and 77% a t  2000 p.s.1. pressure and 5OO0C, respec- 

t i v e l y .  

p.s. i .  pressure w h i l e  i t  was l i n e a r  a t  a pressure o f  2000 p.s i. 

was more pronounced a t  temperatures above 450°C (F igu re  3 ) .  

d i d  n o t  change the  naphtha y i e l d  t o  any apprec iab le 

On t h e  o the r  hand, t h e  naphtha y i e l d  f rom coal-based oils  

The y i e l d  o f  naphtha d i d  n o t  vary  l i n e a r l y  w i t h  temperature a t  1500 

The e f f e c t  

The r e s u l t s  
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i n d i c a t e  t h a t  the hyd roc rack ins  o f  coal-based o i l s  needs h iohe r  hydrogen 

pressures when compared t o  the  petroleum o i l s  and both types o f  o i l s  a f f e c t  

a lmost  s i m i l a r  naphtha y i e l d s  a t  a pressure o f  2000 p.s. i .  I n  case o f  coal  

o i l s ,  t h e  h i g h e r  hydrogen pressure i s  needed f o r  t he  hydrogenation o f  aromatic 

hydrocarbons and t h e  h e t e r o c y c l i c  compounds. 

above, the petro leum and coal  o i l s  e x h i b i t  s i m i l a r  behavior  under hydrocrack ing 

cond i t i ons .  

A t  pressures o f  2000 p.s . i .  and 

The A P I  g r a v i t y  and t h e  c h a r a c t e r i z a t i o n  f a c t o r  o f  a l i q u i d  f u e l  main ly  

depend upon i t s  b o i l i n g  range and the aromatic hydrocarbon content. I n  case 

o f  pet ro leum o i l s  I n v e s t i g a t k d ,  the c h a r a c t e r i z a t i o n  f a c t o r  increased w i t h  a 

decrease i n  g r a v i t y  ( F i g u r e  4 )  which appears t o  be ma in l y  due t o  the d i f f e r -  

ences i n  the b o i l i n g  ranges o f  t he  feed s tocks s ince they have s i m i l a r  composi- 

t i o n  (Table 1) .  

011s (F igu re  4 ) ,  t h e  f a c t o r s  c o n t r i b u t i n g  t o  such a behavior  seem t o  be 

d i f f e r e n t ,  While t h e  lower  g r a v i t y  o f  t h e  coal  o i l  when compared t o  coal t a r  

may be due t o  t h e  d i f f e rences  i n  the  b o i l i n g  ranges and aromatic contents o f  

t he  o i l s ,  t h e  h i g h  c h a r a c t e r i z a t i o n  f a c t o r  o f  t h e  coal o i l  does n o t  seem t o  

comnensurate w i t h  a s l i g h t  d i f f e r e n c e  i n  t h e  b o i l i n g  range and the aromatic 

hydrocarbons. 

presence o f  h ighe r  concen t ra t i ons  o f  hydroaromatics i n  the coal  o i l .  Th is  i s  

f u r t h e r  evidenced by the  h i g h e r  naphtha y i e l d  f rom coal  o i l  a t  1500 p.s . i .  

pressure (F igures 5 and 6) where the hydrogenation o f  aromatics t o  the  corres-  

ponding hydroaromatics which undergo subsequent c rack ing  does n o t  occur t o  any 

apprec iab le e x t e n t  (Qader, e t  a l ,  , 1968). However, hydrogenation o f  aromatics 

t o  t h e  corresponding hydroaromatics does take  p lace a t  a pressure o f  2000 

p.s. i . ,  thereby narrowing down the gap between naphtha y i e l d s  from coal  o i l  

Though a s i m i l a r  r e l a t i o n s h i p  was e x h i b i t e d  by coal-based 

The c h a r a c t e r i z a t i o n  f a c t o r  might  have been in f l uenced  by t h e  
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and coal  t a r  f r a c t i o n s  as shown i n  Figures 5 and 6 .  

of naphtha w i t h  g r a v i t y  and t h e  decrease w i t h  c h a r a c t e r i z a t i o n  f a c t o r  of 

petroleum f r a c t i o n s  (F igures 5 and 6 )  a re  ma in l y  due t o  the  d i f f e r e n c e s  i n  

t h e i r  bo i  1 i n g  ranges. 

The increase in t h e  y i e l d  

The product d i s t r i b u t i o n  data i n d i c a t e d  t h a t  t h e  hydrocrack ing of pe t ro -  

leum f r a c t i o n s  produces h ighe r  q u a n t i t i e s  o f  gaseous product  when compared t o  

coal-based o i l s  a t  a l l  l e v e l s  o f  naphtha fo rma t ion  (F igure 7). 

o i l s  produced more C1-C3 hydrocarbons than petroleum o i l s  a t  d i f f e r e n t  l e v e l s  

o f  butane product ion (F igu re  8) .  

h ighe r  i n  the hydrocrack ing o f  coal-based o i l s .  

n o t  l a r g e  enough t o  a l t e r  t he  product  d i s t r i b u t i o n  s i g n i f i c a n t l y .  

t i o n  i s  an impor tan t  aspect o f  hydrocrack ing and the  r e s u l t s  shown i n  F igu re  9 

i n d i c a t e d  the  occurrence o f  more i somer i za t i on  i n  t h e  hydrocrack ing o f  pe t ro -  

Coal-based 

The p roduc t i on  o f  +2OO0C o i l  f r a c t i o n  was 

However, t he  d i f f e r e n c e s  a r e  

Isomeriza- 

leum o i l s  when compared t o  t h e  coal-based o i l s  a t  a l l  l e v e l s  o f  naphtha forma- 

t i o n .  The iso-normal r a t i o s  i n  butanes v a r i e d  between l and 4 i n  the  case o f  I 
petroleum o i l s ,  w h i l e  the r a t i o s  v a r i e d  between 1 and 2.75 i n  the  case o f  

coal-based o i l s .  

b e t t e r  q u a l i t y  naphtha and t h i s  i s  an advantage associated w i t h  the  petroleum 

Occurrence o f  i somer i za t i on  d u r i n g  hydrocrack ing produces 

\ o i l s  under hydrocrack ing c o n d i t i o n s  However, t he re  may be severa l  o the r  fac -  

t o r s  which i n f l u e n c e  the q u a l i t y  o f  naphtha. 

l i g h t  and heavy f r a c t i o n s  o f  naphtha w i l l  a l s o  c o n t r i b u t e  t o  t h e  o v e r a l l  

q u a l i t y  o f  t he  naphtha. Normally l i g h t  naphthas produced f rom petroleum 

f r a c t i o n s  have h ighe r  octane r a t i n g s  than heavy naphthas, n e c e s s i t a t i n g  the  

The r e l a t i v e  p r o p o r t i o n s  o f  
1 
\ 
/ 

subsequent re fo rm ing  of heavy naphtha The r e s u l t s  i n  F igures 10 and 11 i n d i -  

cated t h a t  petroleum o i l s  produce more l i g h t  naphtha r e l a t i v e  t o  heavy naphtha 

when compared t o  coal-based o i l s .  The r a t i o s  o f  heavy - l i gh t  naphthas v a r i e d  



between 2 and 4 i n  t h e  case o f  petroleum o i l s ,  wh l e  the  r a t i o s  v a r i e d  between 

3.5 and 4.5 i n  t h e  case o f  coal-based o i l s .  This i s  again an added advantage 

associated w i t h  pet ro leum o i l s ,  though t h i s  i s  n o t  the f i n a l  dec id ing  f a c t o r .  

The hydrocarbon composit ion of naphthas obta ined from petroleum and coal -  

based o i l s  was shown i n  F igure 12. 

p o r t i o n s  o f  aromat ic  hydrocarbons than pet ro leum naphthas. 

t i o n ,  petroleum naphthas conta ined about 35 t o  40%, w h i l e  coal-based naphthas 

conta ined about 55% aromat ic  hydrocarbons Th is  may make a g r e a t  d i f f e r e n c e  

i n  t h e  octane r a t i n g  o f  t h e  naphthas and coal-based naphthas a re  expected t o  

have h i g h  octane va lues.  

t r a t i o n s  o f  naphthenes and i s o p a r a f f i n s  than  coal-based naphthas, w h i l e  the  

contents  o f  norma1 p a r a f f i n s  and o l e f i n s  were almost t he  same i n  b o t h  cases 

The q u a l i t y  o f  coal-based naphthas was found t o  be much s u p e r i o r  t o  the  pet ro-  

leum naphthas, as shown i n  F igu re  13. 

coal-based naphthas v a r i e d  between about 80 t o  90, w h i l e  t h e  octane numbers o f  

t h e  petroleum naphthas v a r i e d  o n l y  i n  between about 65 t o  80. A t  t h e  maximum 

y i e l d  o f  about 80%. coal-based naphthas had c l e a r  research octane numbers of 

about 90, w h i l e  t h e  octane r a t i n g s  were below 80 numbers i n  the case o f  pet ro-  

leum naphthas. 

w i t h o u t  f u r t h e r  t rea tmen t  and as premium grade product  s imply  by t h e  use o f  

a d d i t i v e s .  

e i t h e r  as regu la r  o r  premium grade m a t e r i a l s  

h i g h e r  concen t ra t i ons  o f  s u l f u r  and n i t r o g e n  which, however, a r e  much below 

t h e  s p e c i f i e d  l i m i t s  

Coal-based naphthas conta ined h ighe r  pro- 

A t  about 80% forma- 

Petroleum naphthas conta ined s l i g h t l y  h ighe r  concen- 

The c l e a r  research octane numbers o f  

The coal-based naphthas can be used as r e g u l a r  grade gaso l i ne  

Petroleum naphthas need t o  be reformed be fo re  they can be used 

Coal-based naphthas have s l i g h t l y  

Hydrogen requi rement  i s  an impor tant  f a c t o r  which c o n t r i b u t e s  s i g n i f i c a n t l y  

t o  t h e  o v e r a l l  r e f i n i n g  c o s t  o f  f u e l  o i l s  The r e s u l t s  shown i n  F igu re  14 
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i l l u s t r a t e d  t h a t  hydrogen consumption was h i g h  i n  the hydrocrack ing of coal -  

based o i l s  when compared t o  petroleum o i l s ,  

naphtha, hydrogen consumption v a r i e d  between 800 t o  1100 and 1500 t o  1600 cu. 

ft. per b a r r e l  of feed s tock i n  t h e  hydrocrack ing o f  pet ro leum and coal-based 

o i l s ,  respec t i ve l y .  

o i l s  was due t o  the hydrogenation o f  aromat ic  hydrocarbons and h e t e r o c y c l i c  

compounds, e s p e c i a l l y  t he  oxygenated compounds. Th is  i s  one o f  t he  disadvan- 

tages associated w i t h  the  r e f i n i n g  o f  coal-based o i l s .  

K i n e t i c s  

A t  the maximum y i e l d  of about 80% 

The h i g h  hydrogen consumption i n  t h e  case o f  coal-based 

For the k i n e t i c  study t h e  gas o i l  and coal o i l  f r a c t i o n s  were used and the  

hydrocrack ing experiments were conducted a t  a constant  hydrogen pressure o f  

2000 p.s . i .  

o f  Equation 1 assuming f i r s t - o r d e r  k i n e t i c s  (Qader and h i l l ,  1969). 

The o v e r a l l  r a t e s  o f  hydrocrack ing were s t u d i e d  by the a p p l i c a t i o n  

1 
(1 1 

I l i -  
Ln Xf LHSV 

where 

X i  

Xf  

LHSV = l l q u i d  h o u r l y  space v e l o c i t y ,  volume o f  l i q u i d  feed p e r  hour per  volume 

= i n i t i a l  concen t ra t i on  o f  t h e  reac tan t ,  w t .  % 

= f i n a l  concen t ra t i on  o f  t h e  reac tan t ,  w t .  % 

o f  c a t a l y s t  

k 

The p l o t s  o f  r e c i p r o c a l  space v e l o c i t y  versus l o g  

and 16. 

be represented by Equations 2 and 3 

= s p e c i f i c  r e a c t i o n  r a t e  constant  

X i  
f 

a r e  shown i n  Figures 15 

The p l o t s  were l i n e a r  and, thus, t h e  f i r s t - o r d e r  r a t e  constants  can 

-d (gas d t  O i l )  = kg (gas o i l )  ( 2 )  

--, = kc  ( c o a l  o i l )  ( 3 )  



where k 

r e s p e c t i v e l y .  

s t a n t s  were found t o  be represented by Equations 4 and 5 

and kc  a re  r a t e  constants  f o r  gas o i l  and coa l  o i l  hydrocracking, 
9 

The Ar rhen ius  p l o t s  (F igure  17) were l i n e a r  and t h e  r a t e  con- 

kg = 0.3651 x IO4 e-14,300/RT h r C - ’  

kc = 0.8395 x ~ ~ ~ . e - ~ ~ s ~ ~ ~ / ~ ~  hr.- ’  

(4 )  

( 5 )  

The f o l l o w i n g  va lues o f  e n t h a l p i e s  and en t rop ies  o f  a c t i v a t i o n  were c a l c u l a t e d  

k 1 
T T from p l o t s  o f  l o g  - versus - by app ly ing  Eyr ing  equat ion (F igure  18). 

n z  AH^ = 12,800 ca l ; /mole,  A s g  = -52 e-U. 
rt AH: = 1,400 c a l  /mole, ASC = -50 e.U. 

The k i n e t i c  data i n d i c a t e s  t h a t  bo th  the  gas o i l  and coa l  o i l  e x h i b i t  s i m i l a r  

k i n e t i c  behavior under hydrocrack ing cond i t ions  except the  coa l  o i l  needs a 

s l i g h t l y  h igher  a c t i v a t i o n  energy. 

and t h e  coal o i l  appear t o  be s i m i l a r  as proposed e a r l i e r  and t h e  energet ics  

suggest t h a t  chemical r e a c t i o n s  i n v o l v i n g  the  c rack ing  o f  C-C, C-0, C-S. and 

C-N bonds w i l l  c o n t r o l  t h e  r e a c t i o n  r a t e  (Qader, e t  a l . ,  1968 and 1969). The 

c a t a l y s t  used i n  t h i s  i n v e s t i g a t i o n  i s  a d u a l - f u n c t i o n a l  one, conta in ing  both 

a c rack ing  component and a hydrogenat ion component. 

c o n t r o l l i n g  s tep i n  hydrocrack ing,  the  r e a c t i o n  r a t e s  and t h e  product  y i e l d s  

a r e  main ly  i n f l u e n c e d  by the  a c t i v i t y  o f  the  c r a c k i n g  component o f  the  ca ta l ys t .  

Therefore, i t  i s  e s s e n t i a l  t o  c a r r y  o u t  t h e  hydrocrack ing process under condi- 

t i o n s  wherein the  c r a c k i n g  component mainta ins h igh  a c t i v i t y .  The c rack ing  

a c t i v i t y  o f  t h e  c a t a l y s t  i s  due t o  the  a c i d i c  sur face s i t e s  o f  s i l i c a  which 

may g e t  poisoned due t o  t h e  accumulation o f  coke and the  b a s i c  n i t r o g e n  com- 

pounds. 

component of t h e  c a t a l y s t .  

The mechanisms o f  hydrocrack ing o f  gas o i l  

Since c rack ing  i s  the  r a t e  

The coke fo rmat ion  may a l s o  reduce t h e  a c t i v i t y  o f  the  hydrogenation 

Therefore, i t  i s  impor tant  t o  study the  coke 

d e p o s i t i o n  on the c a t a l y s t  d u r i n g  hydrocracking. F igure  19 shows the  coke 
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I d e p o s i t i o n  on the c a t a l y s t  by the hyd ro i ,dck ing  o f  gas o i l  and coal o i l  a t  a 

temperature o f  480°C, 2000 p s i 

format ion by the coa l  o i l  was almost double the  amount by the gas o i l ,  which 

suggests t h a t  t he  c a t a l y s t  l i f e  w i l l  be shortened t o  a g rea t  degree dur ing the 

hydrocrack ing o f  coa l  o i l .  

expensive when compared t o  the  gas o i l .  

r e f i ned  i n  a preceding s tep  t o  remove t h e  n i t r o g e n  compounds which otherwise 

w i l l  poison the  a c i d i c  s i t e s  o f  t he  c rack ing  component o f  t he  c a t a l y s t  dur ing 

hydrocracking, t he  coke format ion on t h e  c a t a l y s t  can be reduced t o  a g rea t  

e x t e n t  as shown i n  F igu re  20 Fur ther ,  t he  gas o i l  and the  coa l  o i l  a f f e c t  

almost t h e  same amount o f  coke d e p o s i t i o n  on t h e  c a t a l y s t  d u r i n g  the  hydro- 

c rack ing  o f  t he  hyd ro re f i ned  feed stocks 

c rack ing  o f  e i t h e r  petroleum or coal-based o i l s  on the d u a l - f u n c t i o n a l  c a t a l y s t  

must be preceded by t h e  h y d r o r e f i n i n g  o f  t h e  feed stocks and the  hydrocracking 

o f  t h e  p r e r e f i n e d  feed stocks w i l l  e x h i b i t  s i m i l a r  c h a r a c t e r i s t i c s  w i t h  respect  

t o  c a t a l y s t  requirements. This i n v e s t i g a t i o n  i n d i c a t e s  t h a t  though the  hydro- 

c rack ing  o f  petroleum o i l s  has c e r t a i n  advantages over t h e  coal-based o i l s ,  t he  

disadvantages associated w i t h  the  l a t t e r  may be o f f s e t  by the  s u p e r i o r  q u a l i t y  

o f  t h e i r  products, thereby a f f e c t i n g  the  o v e r a l l  processing o f  both types o f  

o i l s  almost s i m i l a r l y .  

pressure, and 1-soace v e l o c i t y .  The coke 

This may make t h e  hydrocrackTng o f  coa l  o i l  more 

However, i f  the  feed s tocks a re  hydro- 

The r e s u l t s  suggest t h a t  t he  hydro- 
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Table 1. P roper t i es  o f  feed m a t e r i a l s .  
Low tem- 
pe ra tu re  

o i  1 o i  1 Gas o i l  f r a c t i o n  f r a c t i o n  
Stove D iese l  Coal o i l  t a r  

Grav i t y ,  " A P I  

Charac te r i za t i on  f a c t o r  

S u l f u r ,  w t .  % 

N i t rogen,  w t .  % 

Oxygen, w t .  % 

D i  s t i  11 a t i  on 

I.B.P., O C  

50% 

F.B.P., O C  

Hydrocarbon analys is ,  
v o l .  % 

Saturates 

Aroma t i cs 

O l e f i n s  

38.2 

11.2 

0 .24  

0.18 

N i  1 

200 

2 50 

300 

80 

20 

N i  1 

36.5 

11 -6  

0.22 

0.16 

N i l  

250 

302 

380 

80 

20 

N i  1 

3 2 - 4  

11.9 

0.38 

0.14 

N i  1 

350 

430 

490 

81 

19 

N i l  

21 - 5  

9.9 

0.62 

0.42 

3.6 

200 

238 

370 

38 

57 

5 

23.4 

9.5 

0.84 

0.58 

4.8 

200 

260 

360 

28 

54 

18 
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FIGURE 8. RATIO OF BUTANES AT DIFFERENT LEVELS OF NAPHTHA Y I E L D .  
1 .  STOVE O I L .  2 .  DIESEL O I L .  3 .  GAS OIL,  4 .  LOW TEMPERATURE 
TAR, 5 .  COAL O I L .  
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FIGURE 1 7 .  ARRHENIUS PLOT FOR HYDROCRACKING OF GAS O I L  AND COAL OIL. 
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FIGURE 18. EYRIf f i  PLOT FOR HYDROCRACKING OF GAS'OIL  AND COAL OIL .  
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